In the traditional curriculum of USA medical schools, especially after the first Flexner's report of 1910, histology was considered as very essential topic for a physician studying the "Art and Science" of medicine. In this era, the teaching relied more on the light microscope and to some extent on the electron microscope. However, the field nowadays, after the second Flexner's report, which stressed the importance of integrating clinical topics in the curriculum, is shifting towards the use of more electronic resources for teaching. Such new resources rely on information technology and electronic imaging modalities which are considered to be more student-friendly, time efficient, consistent in conveying the images, promote self-learning and are less costly. In fact, in the last 25 years, most universities started relying on virtual microscopy with limited use of the light microscopy by the students. Such an approach facilitated curricular integration of histology into histopathology and provided the opportunity to promote self-learning and clinical relevance. In the era of competency-based curriculum, histology remains an essential and indispensable basic science in the integrated modules.
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Histology: A Fundamental Part of Medical Education
Histology is the science that provides the adequate learning of the tissue organization of the body, and is a fundamental part of medical education [1] . Histology was traditionally taught as part of the basic science module during the first year of medical school. Its teaching has however been influenced by novel approaches to keep up with the trend of the new curricular changes. Histology is often considered to be the branch of anatomy that emphasizes the structural organization of tissues and provide together different perspectives to medicine [1] . However, if one digs deeper, histology is actually a separate discipline from Anatomy. The latter studies the gross physical structure of the body whereas the former goes into the molecular and cellular level of the body organs.
Teaching histology has been a challenge given the changes in the medical curriculum. Hence, it has adopted novel techniques and strategies to more efficiently and smoothly blend with the newer curriculum. Notably, the American medical schools have witnessed a decline in the total laboratory teaching time that medical students receive [2] . The lecture time in regards to histology has been minimized in order to keep the students' active attention. Moreover, the tools used in the laboratories have been dramatically changed from basic microscopy to computer-based techniques such as virtual slides, or an integration of both [3] .
The Father of Histology
Histology, the study of details of tissues, came into usage in the 1700s by the scientist Marie François Xavier Bichat. Bichat is now considered to be the father of modern histology and descriptive anatomy. Bichat's work on 21 tissues was all based on gross dissection rather than the usage of the microscope [4] . Prior to that, Marcello Malpighi was the first scientist to observe capillaries, and thus was considered to be the true "Father of Histology" [5] .
It was only until 1819 that Mayer coined the term "Histology". He combined two Greek root words that are histos, for tissues, and logos, for study. Histos originally was to describe any woven material, until Sir Richard Owen suggested the large usage of it in 1844 [5] .
The Evolution of the Microscope and Staining Techniques
Microscopy has experienced great advancement since its creation. At the end of the 16th century, Jannsen, a Dutch eyeglass dealer, inserted lenses into a cylinder. He found out then that the objects were magnified, and that was the first prototype of modern microscopy. Jannsen later assembled the first microscope, which included two convex lenses [3] . In 1670, Dutch scientist Anthony van Leeuwenhoek evolved the method of the microscope of a higher magnification and better image quality. At that time, lenses were formed from beads and natural light; otherwise, light from a candle flame was needed to light the tissues [3] .
During the 19th century, Ernst Abbe, Carl Zeiss, and Otto Schott worked on creating a high-quality microscope creating a foundation of discoveries for scientists in histology and anatomy [6] . The spectrum advanced from starting with a one-lens simple microscope to a two convex lenses microscope, to a virtual microscope and to what nowadays is known to be a 3-D microscope of moving cells [3] .
Moreover, the use of paraffin wax for infiltration was introduced in the 19th century followed by formalin that came into use in 1893. The early staining techniques used by histologists and pathologists were derived from techniques developed by seventeenth century amateur scientists such as Leeuwenhoek. The 19th and 20th centuries were productive in terms of the new staining techniques in histology and histopathology. There were many different histology stains, and selection was according to the type of tissue to be observed. One of the oldest stains was Prussian blue, introduced in 1774. Furthermore, Perl's reaction, discovered in 1867, is still widely used to localize intracellular iron and uses just Prussian blue for the histochemical localization of hemosiderin in tissues. Moreover, Wissowzky first described the hemaxtoxylin and eosin (H&E stain) staining techniques in 1875-1878. Hematoxylin and eosinis the most commonly used histology stain for light microscopy.
As for Paul Ehrlich, Nobel Prize recipient in 1908, he worked on "magic bullets" and the use of dyes in order to discover and fight diseases. He developed the use of methylene blue in fighting malaria and trypan red for trypanosomes. Nowadays, there are many specific stains for the different kind of tissues [7] . These staining methods are generally inexpensive, reliable, fast, produce permanent preparations that are easy to interpret and archive, and deliver means for diagnoses that often cannot be achieved by other means. For these reasons, the different stains remain useful in the teaching of histology. Histology and histopathology have witnessed great changes in the past three decades, providing multiple means of reliable and fast methods of interpretations.
Histology and Medicine: When did they Meet?
"One must understand the normal to be able to recognize the abnormal" is a common phrase heard by medical students. Histology is the study of the tissues' anatomy, structure, and role. It is the study of tissues that make up the body organs, which keep the body functioning. It sheds light on the importance of the histological perspective in the study of body functions and the diagnosis of certain diseases. For example, in a study in the Journal of Clinical Oncology, on the prognostic significance of Nottingham Histologic Grade in Invasive Breast Carcinoma, the study proved that histological grading provides a strong predictor of outcome in patients that suffer from invasive carcinoma [8] . That also applies for several other cancers such as thyroid, lung, and colon cancer [9, 10] .
Johannes Muller, a German scientist, was the first person to believe that microscopy can help the medical profession. He wrote the first book on the specialization of histopathology techniques entitled "On the Nature and Structural Characteristics of Cancer" in 1838. He elaborated that microscopy can prove a unique sense of investigation to different disease states. He believed it is the best way to track back diseases to their cellular and molecular malfunction. Muller's view was the foundation of the integration of histology into medicine. Moreover, it was then when histology became an integral part of the medical curriculum [1] .
Ramon Y Cajal and Camillo Golgi both shared the Nobel Prize in Physiology and Medicine from their work on the nervous system structure [11] . Golgi was able to make great contributions to the understanding of the nervous system and its structure by creating a new histological method. In 1886, Cajal and a famous psychiatrist, professor Luis Simarro, discovered the histological method that was able to stain the entire neuron, which eventually helped in a better study of the neuron, and thus the nervous system.
The study of histology is essential for medical students in multiple ways. It helps students understand the arrangement of cells and tissues in a normal organ system. Moreover, it correlates the structure to function by correlating the differentiation of tissue structure to their specific function. This knowledge that students gain through histology will provide a better cellular understanding and basis of other important topics like anatomy and physiology. Most importantly, as previously stated, one must understand the normal to comprehend the abnormal. Thus, this makes Histology a fundamental aspect of pathology.
Histology in the Traditional Curriculum
More than a century ago, Abraham Flexner, a research scholar at the Carnegie Foundation for the Advancement of Teaching, visited around 155 medical schools in the United States to assess the form of education. He wrote a report in 1910 emphasizing the importance of scientific basis in teaching medicine and the importance of the scientific approach to preparing students for the medical profession. His views are still integrated in the medical curriculum but with changes on the methods they are integrated as.
Histology was initially given as a plain basic science course during the first year in medical school. It previously consisted of lectures followed by scoping glass slides in the laboratory. However, the field nowadays is shifting towards more electronic resources of teaching. Electronic resources are thought to be more student-friendly, more time efficient, and less costly [12] . Most universities started relying on virtual microscopy, which would use a single slide of the specimen, which is scanned and projected onto a screen where all students can view the image. It has become a widely used technology in the medical education of pathology and histology [12] . During the past 3 decades, various teaching strategies and activities were adopted to reach a good integration and offer anatomical sciences in a very clinically relevant approach that facilitates learning and promotes self-learning and critical thinking.
Histology in the New Curriculum
Over the years, the medical curriculum has undergone multiple improvements and changes. The basic sciences module seemed to fall behind at first but the new methods in teaching has helped it catch up. The new medical curriculum required teaching to move into a more digital imaging form. Improvements have been made in order to move from a passive highly detailed teaching of these studies to a more functional and clinically relevant method [13] . These improvements facilitated the changes schools were trying to implement. This curriculum tried to tackle self-learning amongst the students. The new curriculum has mostly tried to work on enhancing the students' work in the setting of the clinical cases. Even during the studying of basic sciences, there would be a period of self-directed studying and smallgroup discussions in order to stimulate the students' learning and application abilities [14] . Therefore, universities worked on reducing the student-faculty hours in order to provide the students with more time home to learn the material in the way they feel is most comfortable, and afterwards challenge themselves in-group discussions. Thus, this reduction would decompress the curriculum of the basic sciences that were given in too many details before [15] . In fact, most medical schools described their new curriculum as an active learning method. 57% of schools reported using problem-based learning and small-group discussion converging numerous branches of science in support of a new theory of learning [14] . Applying histology in real clinical cases early on falls in the new learning methods and helps the student in creating a big relevant picture based on existing histological knowledge.
In order to better implement the strategies of integration, the informatics tools required improvement as well [16] . In the university Universidad de Santander in Colombia, the newer teaching method of histology compared to the traditional methodology. The newer method integrates clinical medicine with basic science by combining clinical problems, gross pathology, histopathology, and autopsy pathology, all given through informatics tools. The traditional medical curriculum used in Western universities teaches pathology as an isolated subject in the preclinical years, and basic science concepts are imparted with limited clinical correlation. The study assessed the scores of 94 medical students for two consecutive semesters. The students were randomized based on the teaching they receive; either in the traditional methodology or through the new approach. The scores in the new approach group were significantly higher 3.91/5.0 vs. 3.33/5.0, P = 0.0008. This emphasizes the potential virtual microscopy as well as digital imaging, carry in student learning [16] .
How would these resources help students? In the system of the new curriculum, histology is put in parallel with pathology; thus, it provides a form of clinical aspect to learning. Moreover, some universities have a case-based format along with the histology images. Therefore, students would be able to attribute the images they see with a real life case scenario. Different universities have different viewpoints on why shifting from the light microscope laboratories and lecture time was an improvement. At Queen's University in Kingston in Canada, there is collaboration between the Department of Anatomy and Cell Biology, and the Department of Pathology and Molecular Medicine. There would be a group of clinical cases that include the chief complaint, past medical history, physical examination findings, lab tests, and imaging. Students are asked to understand all different angles to the story which includes the need for a biopsy, for example, to make the diagnosis. The biopsy findings will then be used to teach the histology material assigned to that session. This allows the creation of a connection between the basic sciences preclinical years and the clinical years. It allows students to understand the basic sciences, but in a more relevant clinical formulation, creating the bigger picture the new curriculum works on forming [17] . At Indiana University School of Medicine had adopted that change and wanted to test its effect on students' performance and the efficiency of the electronic and virtual microscopy teaching. Indiana University School of Medicine conducted a survey, which was done on individual test scores overall laboratory averages to determine the effects of virtual microscopy instead of the optical during human anatomy courses. A t-test analysis showed that the first two laboratory exams and the overall lab averages were significantly increased compared to years relying on optical microscopes. Students showed a preference to the electronic resources and lecture videos in the survey pointing out that increased access, ease of use, and their increased chances to understand the material made them choose virtual microscope teaching [18] . These studies come to prove that crossing paths and integrating different aspects of medical education is more efficacious in terms of students' commitments, interest, and scores.
In the University of Buffalo, curriculum changes were made in 2001, and the study of histology in School of Medicine was reformed. The time spent in histology classes was halved as virtual slides have replaced the traditional microscope. However, this has not reduced the amount of valuable information offered to students. This sheds light on how tedious and time demanding the traditional system of light microscopy was, a system that delivered the same information but in a more demanding method [15] .
As for the New Jersey Medical School, They equipped histology labs with "Audiovisual Switching and Projection System", and thus projected images from glass slides, textbooks, videotapes, and 2'x2" slides. They also switched from Lecture-Laboratory-Review to Laboratory-LectureConference and topics start with a pre-lab presentation that helps students understand how to read the slides. Afterwards, students work on their own, implementing self-learning. Moreover, the lecture timing has been reduced greatly and is more oriented to the clinical training. Thus, the lecture time is no longer to describe histology and its details, but rather to correlate the structure to function, providing students an adequate understanding of the material. New Jersey Medical School had not implemented the use of virtual microscopy, but will probably have it implemented after it is "well-refined" [19] .
The School of Michigan justifies its transition from the light microscopy with multiple reasons. First of, light microscopy usage in histology labs required a large number of glass slides and the maintenance of a great amount of microscopes which seemed to be a financial drain, which is a reason for most schools too. Moreover, since the histology glass slides are mostly of human origins, they are not only difficult to find but also difficult to be identical. Thus, there seemed to be some discrepancy between students and their slides. Allowing the students to learn the usage of the microscopy and its variability did not outweigh the financial drain that these institutions were facing [2] .
As previously mentioned, virtual microscopy is the new tool used for histology teaching. Histological glass slides are picked based on the quality of preservation and staining. Then, the slides are scanned and converted into digital images [12] . These images are then transferred to special software or simply viewed as images which allow the students to pick their own region of interest from the slide and focus on it. Thus, all students receive an equal quality of slides, one that has a clearer view than the actual glass slides. An example of a software is ATLASplus [Advanced Tools for Learning Anatomical Structure], the multimedia program used to assist in the teaching of anatomy, embryology and histology in University of Michigan Medical School [20] .
However, virtual microscopy, as with any other method, does not come without any drawbacks. First, there is loss of the 3-dimensionality, where students move from different focus planes by changing their focus knobs. Students lose the sense of dimensions in regards to the slides they are viewing. Moreover, these software used do not only require technological structures at the institution, but also the ability to provide a big number of access to all students at once [21] . In 2006, the University of Michigan began using the virtual microscopy as the main tool of teaching, but kept light microscopy available upon request by the students. Over the last 6 years, less than 10 out of over 1,000 students took advantage of that offer [21] . As an alternative, the university decided to set up a number of microscopes with selected glass slides as a demonstration in the labs. Very few students used that opportunity to compare the virtual images to those of the real microscope. Actually, only 4 out of 142 students reported that they checked the demonstration microscopes every lab session. On the other hand, 92 students reported that they never used the demonstration microscopes during the entire histology course [2] .
The use of virtual microscopy is now an accepted and often integral part of teaching histology [12] . Compared to the traditional methods, it helps medical schools teach the same amount of material given the cut down the basic sciences modules have faced in the newer curriculum. Moreover, it also allows better flexibility with student schedules and timing preference. However, it is definitely a costly approach. Will all schools and hospitals be able to move into the technological path, the one that uses sophisticated procedures of teaching?
On another note, many schools are now adopting what is known to be as the competency based curriculum. This curriculum focuses on learning more concrete rather than abstract skills [22] . It is like a form of assessment, grading, and reporting based on what students demonstrate of their knowledge and learning. Histology is providing case-based learning along with the images [23] . Moreover, from the first year, it divides the year into two semesters. The first year focuses on the basic sciences that are important and include histology. The other semester begins dividing the systems and with each, physiology, anatomy, histology, microbiology, genetics and pathology are included. However, even when taking basic sciences, the details that are not required for the clinical years are discarded [22] .
According to the university of Michigan, technology and improvements are slowing down. New methods of teaching the microscopic sciences include software on Androids and iPads. Michigan University recently published "Michigan eHistology" as an application of self-evaluation on iPads which has a high image quality and great ease of use.
What does the Future Hold for the Discipline of Histology?
Even with the many changes that have hit the medical curriculum causing a decrease in focus on the basic sciences, histology remains an indispensable science to be taught. While it may not be given as a separate course by itself, histology is still being taught in integrated modules.
Histology has provided key information about biological tissues, animal growth, physiology, tissue diseases, and will continue to provide exciting findings in clinical medicine and research. Histopathology, its newer version examines the normal cellular structure of tissues and look for abnormalities. The ability to identify tissue abnormalities is a critical diagnostic tool and an irreplaceable field for the correct interpretation of clinical cases, their diagnosis, and prognosis [24] .
